Abstract Objective: To compare the prognostic value of the SIPF (shock index and hypoxemia) score as the combination of shock index (heart rate/systolic blood pressure) >0.7 (1 point) plus PaO 2 /FiO 2 < 250 (1 point), and the severity score for community-acquired pneumonia (CAP) (CURB-65) and pneumonia severity index (PSI) in predicting the need for ICU admission and mortality of patients with community-acquired pneumonia.
Introduction
Community-acquired pneumonia (CAP) is a complex and evolving inflammatory disease and critical clinical deterioration can result from various processes: respiratory failure, circulatory failure, de-stabilization of a preexisting comorbidity, appropriateness of initial antibiotic therapy, or hospitalacquired illnesses. It is not surprising that no single clinical rule has sufficient operating characteristics to be useful in this wide spectrum of evolution profiles [10] .
CAP represents an important therapeutic challenge to physicians, as they have to decide whether the patient is to be treated as outpatient or needs hospital admission. Therefore, it is crucial to assess the severity of the disease, as it forms a starting point in the management algorithm and helps in achieving favorable patient outcomes [11] .
Several scoring systems are available to help clinicians assess the severity of the illness. While clinical judgment can vary from person to person and place to place, objective assessment based on scoring systems would probably remain the same across the board. Hence, this helps to standardize the criteria required to judge the severity of CAP [1] .
The guidelines help in both severity assessment and rationale for antibiotics use. Different regions have adopted different guidelines for the management of CAP. The pneumonia severity index (PSI) is adopted by the American Thoracic Society and used in a wide scale in North America, which was introduced in 1997, by Fine et al. as a product of the pneumonia PORT study of ambulatory and hospitalized patients with CAP. The rule was to stratify patients into five classes of risk for death within 30 days of presentation. The lowest risk class (risk class I) comprises patients who are younger than 50 years of age, have none of the five important coexisting illnesses and have normal mental status and normal or only mildly abnormal vital signs at presentation. Assignment to the remaining risk classes depends on the presence or absence of a set of medical history, physical examination, and laboratory findings. Total point scores of 70 or less correspond to class II, 71-90 to class III, 91-130 to class IV, and more than 130 to class V. Mortality rates in risk classes I, II, and III are low (0.1-0.4% in class I and 0.9-2.8% in class III), with correspondingly higher mortality rates in risk classes IV and V. The cumulative mortality rate of patients in risk classes I-III is less than one percent (see Diagrams 1 and 2).
Pneumonia severity index (PSI): Fine et al. [7] . The British Thoracic Society (BTS) in 2004 adopted CURB-65 as a guideline for managing CAP. The CURB-65 is a six-point scoring system (0-5) based on both clinical and laboratory parameters (confusion, serum urea, respiratory rate, blood pressure, and age >65 years) for assessing patients.
CURB-65 score:
Confusion Blood urea >7 mmol/L at the time of admission Respiratory rate of P30/minute Systolic BP 690 mmHg or diastolic BP 660 mmHg Age P65 years A score of 1 is given for presence of each of the variables BP = blood pressure Man et al. [9] . Physiological score SIPF (shock index and hypoxemia) (SIPF) score: as the combination of shock index (heart rate/ systolic blood pressure) >0.7 (=1 point) plus PaO 2 / FiO 2 < 250 (=1 point), scoring 0-2 points. Shock index emphasizes current physiologic dynamics, rather than static criteria. Shock index is defined as heart rate/systolic blood pressure normal: 0.5-0.7 and if it is >0.7 it is considered abnormal and means presence of shock. It is identified as being at-risk for severe sepsis on initial presentation, before any laboratory testing is performed. Also the alteration of PaO 2 /FiO 2 ratio, if less than 250 will mean presence of hypoxemia (see Tables 1-5) . SIPF = {Shock Index (heart rate/systolic blood pressure) >0.7 + PaO 2 /FiO 2 < 250}.
Heart rate/Systolic blood pressure >0. 7 1 point PaO 2 /FiO 2 < 250 1 point
Sanz et al. [3, 4] .
Aim of the work
To compare the prognostic value of the two point simple SIPF (shock index and hypoxemia) score and the two other widely used severity scores for community-acquired pneumonia (CURB-65 and PSI) in predicting the need for ICU admission and prediction of mortality for community-acquired pneumonia patients (see Tables 6-10 ).
Patients and methods
In this study, medical records of 100 patients diagnosed as having community acquired pneumonia (CAP) were reviewed. They were selected from the departments of chest diseases, AL-Hussein University hospital-(Egypt), Muhayl general hospital and King Khalid hospital at Hail (Kingdom of Saudi Arabia) in the period between June 2013 and December 2014. Community acquired pneumonia was defined as the presence of new shadowing on admission chest X-ray and Diagram 2 ROC curve for different prediction scores for mortality in severe community-acquired pneumonia.
Comparison between CURB-65, PSI, and SIPF scores as predictors of ICU admissionclinical features consistent with pneumonia (e.g., cough, sputum expectoration, shortness of breath, and pleuritic chest pain with or without fever). Only patients in whom CAP was the main reason for admission were included.
The following data were obtained from medical records: complete medical history and physical examination, plain chest x ray (postero-anterior and lateral views), CT scanning of the chest, blood count, erythrocyte sedimentation rate (ESR), liver function tests, renal function tests, bleeding profile (prothrombin time and concentration), and arterial blood gases (ABG). Data from routine sputum smears examination for Grams stain and culture and PCR for viral detection in selected cases were also obtained from medical records.
Study protocol
Based on clinical judgment of the attending physician, all cases were admitted in the hospital either in wards (observation rooms) or in ICU. Five cases were admitted first to the observation room in the ward but within 48 h they were shifted to ICU because there was no available ICU bed at time of admission. A questionnaire including the demographic data, clinical, para-clinical and imaging findings of the patients was completed for each patient. SIPF, PSI and CURB-65 scores were calculated for each patient. The prediction of mortality and the need for ICU stay were compared according to the calculated SIPF, PSI and CURB-65.
Statistical analysis
Statistical analysis was carried out using the SPSS computer package version 17.0 (SPSS Inc., Chicago, IL, USA). The mean ± SD were used for quantitative variables while number and% were used for qualitative variables. In order to assess the differences in frequency of qualitative variables Chi-square test (v 2 ) or Fisher's exact test (FET) was applied when appropriate. In order to assess differences in means of quantitative variables Independent samples t-test was applied while Mann-Whitney test was used for non-parametric statistics. To determine the ability of different scores to predict ICU admission or mortality, ROC curve was generated. The statistical methods were verified, assuming a significance level of p < 0.05 and a highly significance level of p < 0.001.
Results
From one hundred patients with CAP included in this study, 34 patients were admitted to ICU and 66 patients were admitted to the ward according to clinical judgment of the attending physician. Only 5 patients were admitted first to the observation room but within the next 48 h were shifted to the ICU. Twenty-one patients needed mechanical ventilation and 9 (9%) patients died (8 in ICU and one in the observation room in the ward). The mean age in the ICU group was 56.0 ± 25.2 years and 48.8 ± 17.5 years in the ward group, with a statistically significant difference between the two groups. As regards gender, the ICU group comprised 22 (64.7%) males and 12 (35.3%) females while in the ward group 39 (59.1%) were males and 27 (40.9%) were females, with no statistically significant difference between the two groups. As regards clinical parameters on admission there was a statistically significant difference between the two groups in all the parameters, GCS, heart rate, respiratory, systolic and diastolic blood pressures.
As regards laboratory parameters on admission there was a statistically significant difference between the two groups except in WBC count and Paco2.
As regards CXR findings, recorded as lobar or multi-lobar consolidation there was a statistically significant difference between the two groups.
As regards comorbidities in the form of old age, diabetes mellitus, old cerebral insult, renal impairment and/or heart failure there was a statistically significant difference between the two groups.
As regards comorbidities in relation to PSI score there was no statistically significant difference within each class.
As regard PSI class there was a statistically significant difference between the two groups as PSI class was higher in the ICU admitted group than the non-ICU admitted group. Most cases admitted to ICU were in the classes IV and V 23/34 (67%), and most cases admitted to the ward were in the classes I and II 46/66 (69%).
As regards PSI score in relation to ICU admission there was a statistically significant difference between the two groups only in class V which was higher in the ICU admitted group (mean 180.4 ± 21.1) than in the non-ICU admitted group (mean 153.3 ± 27.1). There was a statistically significant difference between the two groups regarding CURB-65 score which was higher for the ICU group with a mean of 2.5 + 1.4 while it was lower in the ward group with a mean of 0.9 + 1.0. As 70% (24/34) of cases admitted to ICU were in the classes 1-3, 80% (53/66) of cases admitted to the ward were in the classes 0-1.
SIPF score was higher in the ICU admitted group (mean 1.7 ± 0.5) than in the non-ICU group (mean 0.7 ± 0.5). Most cases admitted to ICU had a SIPF score of (2) 25/34 (73.5%). Most cases admitted to the ward had a SIPF score of (0 or 1) 63/66 (95.4%). Also within the ICU admitted group those who were mechanically ventilated (n = 21) had a higher SIPF score with a high statistically significant difference.
This table shows a statistically significant difference between groups as regards PaO 2 , GCS, systolic blood pressure, diastolic blood pressure, RR, Hb. and PSI. PSI was higher in non-survived patients (4.3 ± 0.7) than survived (2.5 ± 1.5) with p-value (<0.001) but no significant difference between the two groups as regards CURB-65 and SIPF was found.
Definition of abbreviations: CURB-65 = confusion, BUN > 7 mmol/l, respiratory rate > 30, systolic blood pressure < 90 mmHg and age > 65; SIPF = shock index (heart rate/systolic blood pressure) > 0.7 plus PaO 2 /FiO 2 < 250; PSI = pneumonia severity index; ROC = receiver operator characteristic; AUC = area under the curve; CI = confidence interval.
The ability to predict ICU admission was higher for SIPF score at cutoff value of >0.5 compared to PSI (AUC SIPF 0.88 vs. PSI 0.79; p < 0.001) and CURB-65 (AUC SIPF 0.88 vs. 0.83; p < 0.001).
Discussion
The majority of admissions in cases of CAP to the ICU occur within the first 24 h of admission in the hospital. Delayed Table 10 Different prediction scores for mortality in severe community-acquired pneumonia. The ability to predict mortality was higher for SIPF score at cutoff value of >1.5 compared to PSI (AUC SIPF 0.86 vs. PSI 0.80; p < 0.001) and CURB-65 (AUC SIPF 0.86 vs. 0.81; p < 0.001).
transfer to the ICU is associated with increased mortality, and therefore early recognition of these patients is important. PSI and CURB-65 don't have sufficient operating characteristics to be useful for making ICU triage decisions in severe CAP [6] . In this study 100 CAP patients were recruited from 3 different tertiary hospitals in 2 countries, 34% of patients were admitted to ICU and 66% were admitted to the ward. This is in agreement with [12] who found that about 36% of CAP patients necessitated ICU care. Comorbidities in the form of old age, high blood sugar, old cerebral insult, renal impairment and heart failure were present in 88.2% in the ICU group and in 60.6% in the ward group. The BTS guidelines illustrated the importance of pre-existing comorbidities, including chronic obstructive pulmonary diseases (COPD; 32%), asthma (13%), and cardiac disease (15%). Other significant conditions include diabetes, chronic liver diseases, chronic renal failure, immunosuppression, and alcoholism. The incidence of severe CAP and adverse events increases with age. For example, 90% of pneumonia deaths occurred in patients over the age of 70. Marti and coworkers, 2012 in a meta-analysis found 10-20% of CAP is admitted to the intensive care unit.
In this study ICU admitted patients had lower GCS, higher heart rate, higher respiratory rate, lower systolic and diastolic blood pressures, higher levels of serum creatinine and urea, lower PaO 2 and PaO 2 %FiO 2 and multilobar radiographic appearances than ward patients. [13] reported older age, respiratory rate >20 bpm, nursing home residence, chronic pulmonary disease, diabetes, and multilobar CAP were independently associated with longer stay in ICU. Liapikou and coworkers [8] found the patients who were admitted to the ICU were younger; more likely to have a smoking history, had worse oxygenation; had higher PSI and CURB-65 risk classes compared with patients who were not admitted to the ICU.
In this study CURB-65 was higher in the ICU admitted group (mean 2.5 ± 1.4) than in the ward group (mean 0.9 ± 1.0) with 97% sensitivity, 45.5% specificity and AUC 0.83. In the meta-analysis done by Marti and coworkers 2012, patients with CURB-65 of 3 or more were admitted to ICU, with a pooled sensitivity of 56%, and specificity, of 74% while Mene´ndez and coworkers [2] reported that CAP patients with CURB-65 more than or equal 2 or if there were multilobar and/or bilateral radiographic involvement or a SpO2 < 92% would also be criteria to send the patient to the hospital and need for ICU admission.
In this study, PSI total sensitivity was 91.5% and specificity was 45.5% and AUC 0.79. Mbata and coworkers [11] found the global performance of PSI to predict ICU admission was modest, with an AUC of 0.69 with a pooled sensitivity of 92.4% (CI, 89-95) and specificity of 56.2% (CI, 43-69) in four cohorts including 3,195 patients and significant heterogeneity was present.
Sanz and co-workers [3] modified shock index if heart rate/ systolic BP more than 0.7 = 1 score.
In this study the ability to predict ICU admission was higher for SIPF score compared to PSI (AUC SIPF 0.88 vs. PSI 0.79) and CURB-65 (AUC SIPF 0.88 vs. 0.83). Sanz and co-workers [3] analyzed 1090 CAP patients from whom 54% (589 cases) showed PSI score IV-V, 462 (42.4%) with CURB-65 score equal to or more than 2, 149 (13.7%) scored 3 or more of the American Thoracic society and Infectious diseases society of America (ATS/IDSA) minor criteria, and 16.9% (184) rated 2 points in SIPF score. The ability to predict ICU admission was higher for SIPF score compared to PSI (AUC SIPF 0.735 vs. PSI 0.618) and CURB-65 (AUC SIPF 0.735 vs. 0.573) and similar to ATS/IDSA minor criteria (AUC SIPF 0.735 vs. 0.720; 0.636).
Other studies have evaluated PSI and CURB-65 for their predictive accuracy for the major ATS criteria of need for mechanical ventilation, or presence of septic shock with need for vasopressors. These outcomes appear to be more robust measures. One disadvantage of both PSI and CURB65 was their reliance on laboratory investigations for calculation which limits their use by health care professionals in the community [5] .
The mortality rate in this study was 10% and mortality was higher in the elderly and patients with comorbidities. Those patients who died had lower PaO 2 , GCS, systolic blood pressure, and diastolic blood pressure, RR, Hb and PSI. PSI was higher in non-survived patients (4.3 ± 0.7) than survived (2.5 ± 1.5). The ability to predict mortality was higher for SIPF score at cutoff value of >1.5 compared to PSI (AUC SIPF 0.86 vs. PSI 0.80) and CURB-65 (AUC SIPF 0.86 vs. 0.81).
Mbata et al. [11] found mortality rate was 15% and found both CURB-65 and CRB-65 can be applied in the community setting to augment clinical judgment regarding the need for hospital admission but did not appear to be useful for identifying patients requiring ICU care because of their low specificities and low positive predictive values due to disease severity is not the only factor to consider; premorbid status, age of patient, and availability of the resources are all considered by ICU physicians before admitting a patient into ICU.
Alavi-Moghaddam et al. [1] found that CURB-65 had better accuracy in predicting mortality and the need for ICU admission among patients with CAP. While CURB-65 had a high sensitivity in predicting mortality and need for ICU admission, PSI was shown to have a high specificity in this regard. Alavi-Moghaddam et al. [1] reported also mortality increased with age, presence of underlying heart failure, high blood levels of urea, pH lower than 7.35, and decreased consciousness level.
Man et al. [9] used the ROC curves to assess 30 day mortality for each prediction scoring method PSI, CRB-65, and CURB-65. They found no significant difference in the area under the ROC curves for each of the PSI 0.728 (95% CI 0.662-0.793), CURB-65 0.713 (95% CI 0.639-0.788) and CRB-65 0.654 (95% CI 0.572-0.736) and no significant differences were found between PSI, CURB65 and CRB65 in predicting 30 day mortality.
Marti et al. [10] in a systematic review of clinical prediction rules to predict severe CAP, PSI and CURB-65 found similar performances to identify patients requiring ICU admission. A PSI class of IV or more is more sensitive (75% vs. 56%) but less specific (47% vs. 74%) than a CURB-65 score of 3 or more. These two scores, derived and validated to predict 30-day mortality, perform poorly to predict ICU admission, with an estimated AUC of 0.80.
Sanz et al. [3] found mortality rate to be 5.4% and no difference was found regarding the ability to predict mortality between the 4 different scores (AUC: PSI 0.716: CURB-65 0.679: ATS/IDSA minor criteria 0.670 m, SIPF score 0.707: p 0.05).
Our study had its limitations as it was retrospective and included a small number of patients which will not make it easy to give firm conclusions, so it is recommended to do prospective studies on a large scale to confirm our study results.
Conclusions
-The ability of SIPF score to predict ICU admission in CAP is higher than that of CURB-65 and PSI. -The simple SIPF score could be a useful tool to predict ICU admission and mortality in CAP.
